Abstract: We report the anatomical findings of a case of horseshoe kidney, and analyze the associations between kidney position and surplus renal arteries in horseshoe kidneys found in Japanese autopsies in the past. The horseshoe kidney of our case fused at the lower poles of the original kidneys. Its right and left upper poles were at the middle region of the first and second lumbar vertebrae, respectively. The kidney was supplied by eight arteries. Our analysis of the correlation between the ascent of a horseshoe kidney and the number of surplus arteries found no significant association. However, there was a significant association between the region of the kidney where the surplus arteries entered and the location where they diverged from the aorta. Therefore, the ascent of a horseshoe kidney is not necessarily arrested because of the existence of many surplus arteries. After a horseshoe kidney partially ascends, the arteries which might become normal renal arteries are generated. In our case, we observed large splenomegaly, and noted that the left upper pole was the lowest compared with the horseshoe kidneys in the past autopsy reports. We suggest it is necessary to consider additional influences that determine the position of a horseshoe kidney.
Introduction
Horseshoe kidney is one of the most common congenital fusion anomalies of the kidney. The anomaly consists of two distinct renal masses lying vertically on either side of midline and connected at their respective lower or upper poles, presenting a horseshoe shape. Ninety-five percent of horseshoe kidneys are fused at the lower poles. 1) The incidence of horseshoe kidney noted in Japanese reports 2) and in foreign reports 1, 3) is 0.15%-0.48% and approximately 0.25%, respectively. The frequency in males is two to three times as high as in females. 1, 3) Clinically, many cases of horseshoe kidney produce no symptoms. However, it is reported that persons with horseshoe kidney are more prone to developing infection, hydronephrosis, urolithiasis and ureteropelvic junction obstruction due to the influence of the abnormal ureteral course, the abnormal vessels supplying the horseshoe kidney, and the abnormal motility of the ureteropelvic junction segment. 1, 4) During a routine dissection at our institution, we encountered a case of horseshoe kidney in an 83-year-old Japanese male cadaver who died of myocardial infarction. First, we report the anatomical findings of this horseshoe kidney to serve as reference data on this type of anomaly. Then, we analyze the positions of horseshoe kidneys and their surplus arteries found in Japanese autopsies in the past and discuss the distribution pattern of surplus arteries, focusing on the ascent of the horseshoe kidney and factors that prevent its ascent.
Case Report

Shape, size and position of the kidney
In this horseshoe kidney, the fusion of the left and right kidneys at their lower poles formed the isthmus, which was located at the ventral side of the inferior vena cava (Fig. 1) . The longitudinal axis of each kidney was directed from the superolateral toward the inferomedial. The border between the isthmus and each kidney was unclear. The right kidney had its upper pole at the level of the middle region of the first lumbar vertebra, and the Associations between kidney position and surplus renal arteries in horseshoe kidney: case report and analysis
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Hirokazu NARITA [1] [2] [3] , Toshiki TANI 1, 3 and Yoshikazu TONOSAKI longitudinal length was approximately 11.7 cm (Fig. 2) . The left kidney had its upper pole at the level of the middle region of the second lumbar vertebra, and the longitudinal length was approximately 10.7 cm. The lowest part of the horseshoe kidney was constituted by the lower pole of the left kidney and was at the level of the bottom of the fourth lumbar vertebra. As a whole, it was situated slightly to the right side of the posterior abdominal wall. The right kidney measured 5.5 cm in maximal width and 4.2 cm in maximal thickness. The left kidney measured 5.0 cm in maximal width and 3.3 cm in maximal thickness. The isthmus measured 5.6 cm in maximal width and 2.0 cm in maximal thickness.
Renal hila, pelvises and ureters
The hilum of each kidney opened widely in the ventral direction. The left renal hilum was larger than that of the right and extended to the vicinity of the bottom region of the horseshoe kidney. The left hilum measured 7.8 cm in longitudinal length and 3.2 cm in maximal width (Fig. 2) . The right hilum measured 7.1 cm in longitudinal length and 2.7 cm in maximal width. The pelvis of each kidney was exposed from the hilum. The left and right pelvis each consisted of 4 major calyces. Both ureters originated independently from each side of the pelvis and descended to form a shallow groove on the ventral surface of the kidney.
Blood vessels
This horseshoe kidney had eight arteries (A1 to A8), which included six surplus arteries (A3 to A8) (Fig. 3 ). A1 and A2, which correspond to the right and left renal artery in a normal kidney, arose from the abdominal aorta approximately 2 cm below the origin of the superior mesenteric artery. After running dorsal to the inferior vena cava, A1 divided into 2 branches and supplied the upper and posterior region of the right kidney. A2, which ran behind V4, divided into 3 branches and was distributed from the upper part of the posterior region to the middle part of the anterior region of the left kidney. A3 arose from the aorta slightly below A1, ran ventral to the inferior vena cava and supplied the middle region of the right kidney. Four surplus arteries (A4 to A7) arose directly from the aorta below the origin of the inferior mesenteric artery. A4 arose from the right side of the aorta 2.2 cm below the origin of the inferior mesenteric artery and entered directly into the inferomedial part of the posterior region of the right kidney. A5, which arose from the ventral side of the aorta 2.7 cm below A4, ascended behind the left kidney and entered directly into the posterosuperior part of it. A6 arose from the right side of the aorta slightly below the origin of A5. After running behind the isthmus to the right, A6 divided into two branches. The right branch immediately entered directly into the lower part of the right kidney. The left branch came around the ventral side and entered into the lower part of the right kidney from the right hilum. A7, which arose from the bifurcation of the right and left common iliac arteries, ascended in front of the aorta and directly supplied the posteroinferior part of the left kidney. We could not find the medial sacral artery in normal position. A8 arose from the left common iliac artery, ran upward, and distributed in the anteroinferior region of the left kidney.
The inferior mesenteric artery descended in front of the left kidney with a shallow groove on its surface. This horseshoe kidney had four veins (V1 to V4). The right renal veins (V1 to V3) emerged from the right hilum and opened independently into the inferior vena cava. After emerging from the left hilum, V4 communicated with the left testicular vein and the left suprarenal vein and opened into the inferior vena cava.
Other
We found large splenomegaly.
Analysis of Kidney Position and Surplus Arteries
We analyzed the position of horseshoe kidneys and surplus arteries found in Japanese autopsies in the past. The subjects were 18 cases which included 17 cases found in original articles and case reports since 1980 [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] (which were searched using Ichushi web Ver. 5 (Japana Centra Revuo Medicina) and PubMed) and the present case (Table 1) . Table 1 shows the position of the upper pole of each side of the horseshoe kidney, the position of the lower end, and the number of surplus arteries.
Because each report noted the kidney position differently, we defined the positions as follows: between vertebrae, upper part of vertebra, middle part of vertebra, and lower part of vertebra. 
The position of the upper pole of a horseshoe kidney
In a normal kidney, the position of the right kidney is typically lower than that of the left kidney because of the presence of the liver. In a horseshoe kidney, it is thought that the isthmus prevents its ascent.
In order to examine the right-left difference in the position of the upper poles of the horseshoe kidney, we used the Wilcoxon signed rank test to compare the positions of the right upper poles with that of the left upper poles in the 14 out of the 18 study cases where the position of the upper pole of each side was available (marked with # in Table 1A) . The statistical significance level was chosen as 0.05. Statistical analyses were performed with the software package SPSS version 16.0J for Windows (IBM Japan, Ltd., Tokyo, Japan).
We found no significant difference between the positions of the right upper poles and the left upper poles in the 14 cases.
Surplus arteries
In the process of ascent of the kidney during development in the womb, the blood supply continuously changes with the generation of new arteries and degeneration of old arteries. 19) To clarify the association between the degree of ascent and the number of surplus arteries in the 15 out of the 18 study cases where the position of the lower pole was available (marked with # in Table 1B) , we used Spearman's rank correlation coefficient to calculate the correlation between the position of the lower end and the number of surplus arteries.
Furthermore we calculated the correlation between the position of the lower end of the horseshoe kidneys and the number of surplus arteries that arose from the aorta or common iliac artery below the upper end of the isthmus. These were thought to more strongly prevent the ascent of a horseshoe kidney, because after arising from the aorta or common iliac artery, most of these surplus arteries ran toward the right above or obliquely upward.
The statistical significance level and software were the same as above.
Our analysis showed no significant correlation between the position of the lower end of the horseshoe kidneys and the number of surplus arteries. We also found no significant correlation between the position of the lower end of the horseshoe kidneys and the number of surplus arteries that arose from the aorta or common iliac artery below the upper end of the isthmus. Therefore, we could not find any association between the degree of ascent of the horseshoe kidneys and the number of surplus arteries.
Additionally, to clarify the association between the region of the kidney where the surplus arteries entered and the location where the surplus arteries diverged from the aorta or common iliac artery, we divided all the arteries (63 arteries in 18 cases) into two groups. One group included the arteries that arose from the aorta above the upper end of the isthmus (A group). The other group included the arteries that arose from the aorta or common iliac artery below the upper end of the isthmus (B group). We used the Chi-square test to examine the association of the surplus arteries of each group entering directly into the isthmus or into the right or left kidney ( Table 2) .
The results showed significant associations as follows: the surplus arteries that arose from the aorta above the upper end of the isthmus more often entered into the right or left kidney, and the surplus arteries that entered into the isthmus more often arose from the aorta or common iliac Ueyama, et al. 5) upper part of L2 lower part of L1 # upper part of L4 # 3 1 Yakeishi, et al. 6) between L1 and L2 between L1 and L2 # between L4 and L5 # 4 0 Nakamura, et al. 7) upper part of L1 A. There was no significant difference between the positions of the right upper poles and the left upper poles in the 14 cases (marked with #), using the Wilcoxon signed rank test.
B. There was no significant correlation between the position of the lower end of the horseshoe kidneys and the number of surplus arteries in the 15 cases (marked with #), using Spearman's rank correlation coefficient.
artery below the upper end of the isthmus (χ 2 = 10.786, φ = 0.414, p < 0.01).
Discussion
The present study detailed the gross anatomical findings at autopsy of a case of horseshoe kidney and analyzed the position of horseshoe kidneys with respect to surplus arteries found in Japanese autopsies in the past.
Previous studies of horseshoe kidney have reported its morphological characteristics as follows: 1) a lower position than usual, 2) an open and ventrally facing hilum, 3) passage of the ureter on the ventral surface of the kidney, and 4) the presence of surplus blood vessels. 5, 7, 8, 12, 13, 15) In the horseshoe kidney of our case, the positions of the right and left upper poles were at the middle regions of the first and second lumbar vertebrae, respectively, and lower than that of a normal kidney. 20) The hila of this horseshoe kidney opened widely in the ventral direction and the ureters descended on its ventral surface. Furthermore, the kidney had many surplus blood vessels: eight arteries and four veins. Therefore, the present horseshoe kidney corresponded with the characteristics of horseshoe kidneys reported by previous studies.
In a normal kidney, the upper pole of the right kidney is generally located at the level of the twelfth thoracic vertebra, and half or one vertebra lower than that of the left kidney because of the presence of the liver. However, our analysis showed no significant difference between the positions of both upper poles of horseshoe kidneys. Because the poles of horseshoe kidneys were lower than that of a normal kidney, we inferred that the final position of a horseshoe kidney was decided by a factor other than the liver. In regard to the position of a horseshoe kidney being lower than that of normal kidneys, many previous studies have reported that arrest of ascent is caused by the inferior mesenteric artery pressing on the isthmus, 7, 21, 22) by the surplus arteries remaining, 8, 9, 21, 22) and by the elongation of the aorta to the caudalis. 5) In our case, because the inferior mesenteric artery descended in front of the left kidney with a shallow groove on its surface, we thought this greatly influenced the interference with the ascent of this horseshoe kidney. Moreover, this horseshoe kidney had many surplus arteries. Especially, the surplus artery that ascended after arising from the caudal region of the aorta and common iliac artery has been reported to interfere with the ascent of a horseshoe kidney. 21 ) Therefore, we believe the existence of this surplus artery had a role in preventing ascent of the horseshoe kidney of our case also.
However, from our analyses we found no significant correlation between the position of the lower end of the horseshoe kidneys and the number of surplus arteries or the number of surplus arteries that arose from the aorta or common iliac artery below the upper end of the isthmus. We conjectured that ascent of the horseshoe kidney was not necessarily prevented by the many surplus arteries; other factors besides the number of surplus arteries influenced the amount of interference with its ascent.
Additionally, the left upper pole of our horseshoe kidney was the lowest of all the horseshoe kidneys listed in Table 1A . In our case, we found large splenomegaly. Thus, we suggest that it is necessary to consider additional influences that determine of the position of the kidney.
From an embryologic point of view on the morphological characteristics of horseshoe kidney, it has been suggested that its formation occurs until the fifth week of life of an embryo, when its ascent and internal rotation begins. 19, 21, 23) The existence of surplus arteries in the horseshoe kidney reflects the continuously changing blood supply to the developing kidney during the course of its ascent from the pelvis to its final position.
19) The present study indicated the particular distribution characteristics of the surplus arteries; that is, the surplus arteries which arose from the aorta above the upper end of the isthmus more often entered into the right or left kidney, and the surplus arteries which entered into the isthmus more often arose from the aorta below the upper end of the isthmus. This shows that just after a kidney's ascent begins, the arteries enter into the kidney from its various regions such as its anterior, posterior and inferior surfaces; after the kidney has partially ascended, the arteries that enter into the kidney from each hilum are generated, with the possibility of becoming normal renal arteries.
In a horseshoe kidney, the ventrally facing hilum and passage of the ureter on its ventral surface shows its abnormal rotation caused by the fusion of its lower poles. Ueyama et al. 5) discussed that because most previous studies reported that the surplus arteries that arise from the caudal region of the aorta and common iliac artery ran approximately toward the right above, that rotation of the horseshoe kidney does not take place. However, on the other hand, these investigators found in their case that after running to the right behind the isthmus, a surplus artery came around the ventral side and entered into the right kidney, indicating its partial rotation. In our present There were significant associations in the 63 arteries in the 18 cases (p < 0.01), using the Chi-square test, as follows: A group more often entered into the right or left kidney, and the surplus arteries that entered into the isthmus were more often included in B group.
case, although surplus arteries A5, A7 and A8, which arose from the caudal region of the aorta or the left common iliac artery, ran approximately toward the right above, because the surplus artery A6 ran similarly to that in the Ueyama report, 5) partial rotation of the right kidney might have occurred.
